We provide a representative analysis of antibiotic prescribing, identify factors associated with broadspectrum antibiotic prescribing and assess the costs associated with antibiotic use in adult outpatients in Greece. Outpatient antibiotic prescriptions for patients older than 19 years between 2010 and 2013 in Greece were extracted from the IMS Health Xponent database. Prescribing rate and total cost for prescribed antibiotics were calculated. Multivariate logistic regression was used to identify factors related to broad-spectrum antibiotic prescribing. More than 20 million antibiotics were prescribed during the study period, an annual rate of 768 prescribed antibiotics per 1,000 adults. Overall, 33.5% of antibiotics were prescribed for acute respiratory tract infections (ARTIs) for which antibiotics are often not indicated. Macrolides (29.9%), cephalosporins (26.9%) and fluoroquinolones (21.0%) were the most commonly prescribed antibiotic classes. The majority (89.0%) of antibiotics were broad-spectrum. Antibiotic expenditures were approximately EUR 185 million during the study period. Factors associated with broad-spectrum prescribing included older patient age, specialty pulmonologists or otorhinolaryngologists, training in eastern Europe, diagnosis of ARTI, acute diagnosis, and first episode of disease. Broad-spectrum antibiotic prescribing for ARTIs is common in adult Greek outpatients and frequently inappropriate. These data indicate the need for initiatives aiming to control antibiotic prescribing.
Introduction
Antibiotics are among the most frequently prescribed medications in adult outpatients in European countries such as Greece [1] . There is evidence that a number of antibiotic prescriptions are dispensed for viral infections, for which antibiotics provide no benefit [2] . Such prescriptions indicate an overuse of antibiotics, a common and alarming problem for many countries, potentially resulting in redundant drug spending, increased risks of adverse effects and development of antimicrobial resistance [3] [4] [5] . The latter is a rapidly growing global health problem [6] [7] [8] .
In addition, over the last decades, the use of broadspectrum antibiotics has increased dramatically, contributing to further antibiotic resistance [9] [10] [11] . There are instances where antibiotics may be indicated, but instead of prescribing narrow-spectrum antibiotics, broad-spectrum antibiotics are inappropriately preferred [12] .
Antibiotic resistance and increased healthcare costs are thought to be a considerable problem in Greece, which has one of the highest rates of antibiotic consumption and resistance among European countries [13, 14] . During the last few years, Greece has experienced a significant financial crisis, resulting in healthcare budgetary constraints. Hence, avoiding unnecessary costs should be a top priority for policymakers. A thorough understanding of antibiotic prescribing patterns can help policy makers identify areas where potentially unnecessary costs can be avoided. Although data on antibiotic prescribing patterns are available for several European countries [15] [16] [17] [18] [19] [20] [21] [22] , such data are limited for Greece [13] .
The aim of this study was to analyse antibiotic prescribing in adult outpatients and to identify factors associated with broad-spectrum antibiotic prescribing in Greece. The secondary objective was to assess the overall and class-specific antibiotic costs in Greece.
Methods

Data source and design
In order to obtain data for the analysis we used the Intercontinental Marketing Services (IMS) Health Xponent (XPO) Greece database. This database contains longitudinal representative data of prescribing activity in the community, on the basis of prescriptions given by a random cluster sample, by specialty and region, of 625 physicians (2.5% of all doctors in the outpatient setting in Greece). Physicians, systematically exchanged during the study period, filled in a form for every patient contacted, regardless of contact type (i.e. personal visit or telephone) for seven consecutive days, including the weekend. IMS data directly link antibiotic prescriptions to the clinical indication (ICD-9 codes) and provide diagnosis-related characteristics such as recurrence, the existence of co-diagnoses and the type of diagnosis (i.e. acute or chronic). Patient characteristics such as age, sex and type of insurance were also obtained from the database in addition to physician characteristics including specialty, training location, age and sex. We extracted data for all prescriptions given to patients older than 20 years between July 2010 and June 2013.
Consultations in Greece are mainly performed via private physicians. Antibiotic prescribing data are presented by specialty of the prescriber: general practitioners (GPs), the main antibiotic prescribers for adults, gynaecologists, pulmonologists, urologists, otorhinolaryngologists and all other specialties (cardiologists, endocrinologists, gastroenterologists, neurologists, orthopaedists, dermatologists and rheumatologists).
Antibiotic classification and duration of therapy
Antibiotics were categorised in two groups. Narrowspectrum antibiotics included narrow-spectrum penicillins (pivmecillinam, penicillin, amoxicillin), first generation cephalosporins, tetracyclines and sulfonamides; broad-spectrum antibiotics included broadspectrum penicillins (amoxicillin/clavulanic acid), macrolides, second and third generation cephalosporins and quinolones. This classification has been used in previously published research [12] . Moreover, the duration of therapy was calculated using the total prescribed dose (number of packs) with the daily dose and dose frequency as recommended by physicians.
Diagnostic categories
Clinical diagnoses were provided by physicians (tonsillitis, sinusitis, etc.). If the physician could not decide on a specific diagnosis, they had to mention the basic symptoms (chest pain, headache, etc.). The 10 most common clinical diagnoses for which antibiotics were prescribed were used in the analysis, whereas the rest of diagnoses were grouped in the category 'other'. Moreover, to estimate the inappropriate prescription of antibiotics, acute respiratory tract infections (ARTIs) for which antibiotics are rarely or not indicated were identified based on the definition used in a previously published survey [12] , so that our results are directly comparable to this previous study. To be more specific, abnormal sputum, allergy, asthma, bronchitis (acute and not otherwise specified), chronic bronchitis, chronic sinusitis, cough, dyspnoea, haemoptysis, influenza, laryngitis/tracheitis, nasopharyngitis, stridor, unspecified ARTIs and viral pneumonia were considered as diagnoses for which antibiotics are rarely or not indicated.
Costs
The total antibiotic expenditures for adult outpatients from the perspective of the National Health Insurance were calculated based on the total dose (number of packs) of each antibiotic as well as the corresponding reimbursed drug prices. These prices were obtained from the reimbursed drug list published by the Ministry of Health, reduced by the patient's co-payment (25%). Costs data reflect the year 2013.
Statistical analysis
All collected variables were analysed descriptively. Nominal variables were analysed using frequencies and percentages. Treatment duration was presented as median and interquartile range (IQR), since it was not normally distributed. In order to calculate the antibiotic prescribing rates, we used the number of prescriptions and 2011 census denominators from the Hellenic Statistical Authority [30].
Chi-squared tests of independence were performed in order to evaluate the independence between broadand narrow-spectrum antibiotic prescription and patient, physician and diagnosis characteristics. In addition, we performed simple and multivariate logistic regressions to identify factors associated with broad-spectrum antibiotic prescribing. In the multivariate logistic regression model, we entered the factors found to be significantly associated with broad-spectrum antibiotic prescribing at a univariate level. These results are presented as odds ratios (OR) with 95% confidence intervals (95% CI). The significance level was 0.05 (two-sided). Bonferroni correction was applied to adjust for multiple comparisons. Time series analysis was conducted to assess the antibiotic prescription trend over time. Finally, non-parametric statistic tests (i.e. Mann-Whitney and Kruskal-Wallis) were used to assess the association between selected patient, physician and diagnosis characteristics and treatment duration. The analysis was performed using SPSS 20.
Results
Antibiotic prescribing patterns
During the study period, an estimated 20 million antibiotic regimens were prescribed in Greece to adult outpatients, resulting in an annual rate of 768 prescribed antibiotics per 1,000 adults (95% CI: 767.45-768.13), with a median duration therapy of eight days (IQR: 6.0-10.5) ( Table 1) . Prescribing rates were higher among adults younger than 40 years (830 prescriptions/1,000 adults; 95% CI: 829.12-830.31) compared with adults 40 years and older (736 prescriptions/1,000 adults; 95% CI: 735.11-736.22), while no statistically significant difference was detected in treatment duration across the age groups (p = 0.330). Details on prescribing rates stratified by 10-year age bands are presented in Table 1 . Time trend analysis suggested a slight decline in antibiotic prescribing rate during the last two semesters of the study period, although no statistically significant trend was detected (p = 0.742) ( Figure 1 ).
The majority of prescribed antibiotics (89.0%) were broad-spectrum; no difference was detected in treatment duration between broad-and narrow-spectrum antibiotics. The most frequently prescribed antibiotics were macrolides (29.9%), second and third generation cephalosporins (26.9%), fluoroquinolones (21.0%), and penicillins (15.4%, a quarter of which were narrow spectrum). Clarithromycin (19.8%), cefuroxime (11.8%), ciprofloxacin (11.6%), amoxicillin/clavulanic acid (10.8%) and cefprozil (7.6%) made up 61.6% of all prescribed antibiotics. Trimethoprim/sulfamethoxazole was rarely prescribed, accounting for 1.6% of total prescriptions ( Table 2) . With respect to treatment duration, it was found that the duration of macrolide therapy was significantly longer than cephalosporin therapy (median duration: 10.5 days vs 7.0 days). Clarithromycin and ciprofloxacin were the antibiotics prescribed with the longest duration (median: 10.5 days and 10.0 days, Broad-spectrum antibiotics included broad-spectrum penicillins (amoxicillin/clavulanic acid), macrolides, second and third generation cephalosporins and fluoroquinolones. a p < 0.001 compared with penicillins, after Bonferroni correction. b p < 0.001 compared with other beta-lactams excluding penicillins and cephalosporins, after Bonferroni correction. c p < 0.001 compared with cephalosporins and trimethoprim/sulfamethoxazole, after Bonferroni correction. d p < 0.001 compared with macrolides, after Bonferroni correction. e p < 0.001 compared with ciprofloxacin, after Bonferroni correction. f p < 0.001 compared with ciprofloxacin and clarithromycin, after Bonferroni correction. g p < 0.001 compared with cefprozil, cefuroxime, ciprofloxacin and clarithromycin, after Bonferroni correction. h p < 0.001 compared with all antiobiotics except for cefuroxime, after Bonferroni correction. i p < 0.001 compared with 'other dysfunction of urinary system', 'acute pharyngitis', 'cystistis', 'acute sinusitis' and 'inflammmatory disease of prostate', after Bonferroni correction. j p < 0.001 compared with all, except for cystitis, after Bonferroni correction. k p < 0.001 compared with all, except for acute pharyngitis, after Bonferroni correction. l p < 0.001 compared with all others, after Bonferroni correction. m Data are presented only for the most frequently prescribed antibiotics. respectively) in contrast to cefprozil and azithromycin that were prescribed for significantly shorter durations ( Table 2 ).
Antibiotic expenditures
Throughout the whole study period, the total expenditures for antibiotics were EUR 184.6 million; EUR 66.5, 64.0 and 54.5 million during the first, second and third year of study respectively. Cephalosporins, macrolides and fluoroquinolones made up 93.1% of the total antibiotic expenditures. Clarithromycin alone accounted for almost one quarter (24.5% or EUR 45.3 million) of the total antibiotic spending, followed by ciprofloxacin (15.2% or EUR 28.1 million) and cefuroxime (11.7% or EUR 21.7 million). Although amoxicillin/clavulanic acid was the fourth most frequently prescribed antibiotic, less than 3% (EUR 5.1 million) of the total antibiotic expenditures were attributed it ( Table 2 ).
Antibiotic prescribing across selected clinical diagnoses
The three most common clinical diagnoses for which antibiotics were prescribed in adult outpatients were, unspecified acute lower respiratory tract infections (LRTIs) (12.2%), acute bronchitis (11.8%) and other diseases of urinary system than cystitis (11.4%), followed by acute pharyngitis (4.2%) and cystitis (4.1%). One third of all antibiotics (33.5%) were prescribed for diagnoses for which antimicrobials are rarely or not indicated.
The most commonly prescribed antibiotics by clinical diagnosis are presented in Figure 2 . Notably, clarithromycin was the most commonly prescribed antibiotic for unspecified acute LRTIs, acute bronchitis and for acute pharyngitis (33.2%, 43.2% and 28.7%, respectively). Ciprofloxacin was the most frequently prescribed antibiotic for cystitis and other diseases of the urinary system (20.7% and 41.8%, respectively) followed by norfloxacin (22.5% and 20.4%, respectively).
Factors associated with broad-spectrum antibiotic prescribing
Multivariate analysis revealed that adults older than 30 years were more likely to receive broad-spectrum antibiotics. In addition, pulmonologists and otorhinolaryngologists as well as physicians trained in eastern Europe (e.g. Bulgaria, Hungary or Romania) were more likely to prescribe broad-spectrum antibiotics compared with gynaecologists, urologists and doctors trained in Greece. However, physicians trained in these countries only contributed 5.5% of the overall prescribed antibiotics. Other diseases of the urinary system were associated with higher rates of broad-spectrum antibiotic prescribing compared with unspecified acute LRTIs, after adjustment for possible confounders. Furthermore, acute pharyngitis and other diagnoses were associated with lower rates of broad-spectrum antibiotic prescribing compared with unspecified acute LRTIs. Finally, broad-spectrum antibiotics were less likely to be prescribed for recurrent and chronic illnesses compared with first episode and acute diseases (Table 3 ).
Discussion
We aimed to assess the antibiotic prescription patterns in adult outpatients in Greece, as well as expenditures and potential factors associated with broad-spectrum antibiotic prescribing.
We found a high annual rate of antibiotic prescribing, but this seemed to decline over the studied period. The majority (89%) of antibiotics prescribed were broadspectrum with a median duration of therapy of eight days. Almost one-third of all prescriptions were for ARTIs for which antibiotics are rarely or not indicated. The cost analysis revealed considerable healthcare expenditures for antibiotics.
The overall annual rate of 768 prescribed antibiotics per 1,000 adults that we found is much higher in comparison with countries such as Sweden (388 prescriptions/1,000 persons) [23] , and similar to the United States (US) (833 prescriptions/1,000 persons) [24] . Perhaps the most alarming finding in our study was that 89% of all antibiotics prescribed were broadspectrum, with patients older than 60 years being the most common recipients (91.4% of antibiotic prescriptions). Shapiro et al. have recently reported high prescription rates of broad-spectrum antibiotics (61% of total prescriptions) in the US, the majority of which (64%) were given to patients older than 60 years [12] . In contrast, the most common antibiotics prescribed in Sweden were narrow-spectrum penicillins (30% of total prescriptions) [23] . It is a well-known fact that in many cases, broad-spectrum antibiotics are prescribed instead of narrower-spectrum antibiotics, especially for the treatment of bacterial ARTIs [9, 11, 23] . In this context, the Hellenic Centre for Disease Control and Prevention has already taken initiatives to inform the public about the consequences of antibiotic misuse/ overuse and antimicrobial resistance and prepared instructions on the rational use of antibiotics [31] .
Concerning the distribution of antibiotics, our study showed extensive use of macrolides, cephalosporins and fluoroquinolones, at higher percentages than in other countries. In the US, the top five list of prescribed antibiotics included azithromycin, amoxicillin, amoxicillin/clavulanic acid, ciprofloxacin and cefalexin in 2010 [24] , which is similar to our results. In Switzerland, amoxicillin and amoxicillin/clavulanic acid were the most used antibiotics for outpatients, with fluoroquinolones and macrolides the second and third most prescribed antibiotics in 2007 [15] . In Germany most common antibiotics consumed were penicillin/ amoxicillin, followed by tetracyclines and newer macrolides (roxithromycin, azithromycin and clarithromycin) in 2003 [17] . It is unlikely that this variability in prescribing can be explained by differences in the epidemiology of ARTI. The rates of common ARTI are likely to be similar rather than different across countries in the European Union. Regarding resistance patterns, for pharyngitis, group A streptococci remain universally susceptible to penicillin.
Variations in the incidence of infections, educational and cultural background could be some of the reasons for the observed differences in antibiotic use between countries. Also, each country's treatment guidelines and pharmaceutical markets may influence doctors' prescribing behaviour [25, 26] .
A comparison of our findings with the guidelines of the Hellenic Centre for Disease Control and Prevention for the ARTIs revealed that physicians in Greece seem to have partially adopted the national guidelines in terms of prescribed antibiotics and therapy duration.
Table 3a
Differences in prescription of broad-spectrum antibiotics in adult outpatients, based on patient, physician and diagnosis characteristics, Greece, July 2010-June 2013 Specifically, we found that clarithromycin (i.e. macrolides) was the most commonly prescribed antibiotic for the treatment of acute pharyngitis, tonsillitis, LRTIs and chronic obstructive pulmonary disease, which is in agreement with national guidelines. On the other hand, it was noticeable that second generation cephalosporins such as cefprozil and cefuroxime were also commonly prescribed antibiotics for the management of acute pharyngitis, acute tonsillitis and LRTIs, although are not recommended by KEELPNO guidelines. With respect to treatment duration, our findings indicate that the median of therapy duration is close to that recommended by national guidelines for the vast majority of diagnoses.
We identified several factors that were related to broad-spectrum antibiotic prescribing. The strongest factors were patient's age over 60 years, male sex and physician's specialty of pulmonology/otorhinolaryngology, which were additive. Factors associated with lower rates of broad-spectrum antibiotic choice included physician's training in Greece or western Europe compared with eastern Europe, older age of the physician, a diagnosis other than ARTI and a recurrent and/or chronic condition. There is no clear explanation for the fact that physicians who were trained in eastern Europe were more likely to prescribe broad-spectrum antibiotics.
However, we can hypothesise that the reason may be differences in medical education regarding antibiotic use, resistance and stewardship or differences in national policies and guidelines regarding antibiotic prescribing in these countries. It needs to be noted that this group constituted only a small sample of the total.
The total antibiotic expenditures for adult outpatients in Greece between 2010 and 2013 were approximately EUR 185 million, accounting for almost the 2% of the total public pharmaceutical expenditures in Greece during the study period. According to our study, one third of prescriptions were given for diagnoses that rarely or do not require antibiotic therapy, which means that approximately EUR 62 million could have been saved, no small sum considering the financial crisis that Greece has recently experienced.
Overall, our study indicated that antibiotic overprescribing is a problem in Greece. Patient pressure to prescribe them antibiotics and inadequate knowledge around appropriate utilisation of antibiotics are some of the factors leading to antibiotic overuse [25, 27] .
Potential limitations of this study include the possibility that although doctors were randomly selected, our sample may not be representative of the total population of physicians. Second, patients in Greece can acquire antibiotics from pharmacists without a prescription [28] . The data from the Eurobarometer on antimicrobial resistance indicate that 15% of the Greek survey responders obtained their last course of antibiotics without prescription [29] . Third, we did not have access to prescribing data from hospitals and emergency departments, which could lead to an underestimation of the prescribing rates. Fourth, prescribing data may not accurately represent actual antibiotic consumption, since patient compliance with treatment is unknown. Fifth, direct assessment of appropriate antibiotic prescribing is difficult, as the IMS Health XPO database does not provide information on patient symptoms, severity of disease, drug allergies or whether or not a test was performed to identify bacteria or viruses. Sixth, the duration of antibiotic therapy was calculated indirectly by using available data on the number of prescribed packs, daily dose and dose frequency. As such, we cannot be sure that this was an accurate estimation of the actual treatment duration. Seventh, although it would be interesting to distinguish between different antibiotic classes within the broad-spectrum category and assess specific factors associated with them, the small sample size did not allow that. Finally, it should be noted that the costs related to antibiotic use throughout the whole study period may be underestimated as we used in our calculations the drug prices as published at the end of the year 2013 and it is known that there was a sharp reduction in drug prices in Greece during the period from 2010 to 2013.
Conclusion
We observed a high rate of antibiotic prescribing in adult outpatients in Greece, one-third of which were for diagnoses that rarely or do not require antibiotic therapy. Broad-spectrum antibiotics accounted for 89% of the total antibiotic prescriptions. The reasons for extensive use of broad-spectrum antibiotics need to be studied in depth. We have identified potential targets for antimicrobial stewardship including broadspectrum prescribing for most ARTIs as well as specific practitioner characteristics. Broad implementation of programmes targeting outpatient care settings should be a public health priority for Greece, with the final aim to reduce antimicrobial resistance and the financial burden.
